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(57) ABSTRACT

An apparatus and a method for estimating a Doppler fre-
quency in a mobile communication system are provided. The
apparatus includes an estimator for temporarily estimating a
maximum Doppler frequency based on channel values
sampled according to a first period in a frame, a detector for
calculating at least one correlation value between at least one
channel value additionally sampled in the frame and at least
one channel value sampled over the first period, and for
determining whether aliasing occurs based on the correlation
value, and a determiner for determining a final maximum
Doppler frequency according to the occurrence or non-occur-
rence of the aliasing.
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APPARATUS AND METHOD FOR
ESTIMATING DOPPLER SPREAD IN
MOBILE COMMUNICATION SYSTEM

PRIORITY

This application claims the benefit under 35 U.S.C. §119
(a) of a Korean patent application filed on Aug. 4, 2011 in the
Korean Intellectual Property Office and assigned Serial No.
10-2011-0077645, the entire disclosure of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to Doppler spread estimation
in a wireless communication system. More particularly, the
present invention relates to an apparatus and a method for
estimating a Doppler frequency in a wireless mobile commu-
nication system.

2. Description of the Related Art

In a wireless mobile communication system, a signal is
scattered, reflected, and attenuated due to obstacles, such as a
building, a vehicle, or geographic features, and propagates as
amultipath signal having multi-delay. In the multipath propa-
gation environment, when a receiver, for example, a terminal
moves, the phase of the multipath signal components arriving
at the terminal varies and thus the received signal is subject to
Doppler spread. The relationship between a velocity of the
terminal and a maximum value of the Doppler spread is
expressed as Equation (1).

_ (n)

fe

v

In Equation (1), v denotes the velocity of the terminal, ¢
denotes the velocity of light, f,, denotes a maximum Doppler
frequency, and £, denotes a subcarrier frequency.

To accurately detect the channel change according to the
movement of the terminal and to adaptively set the bandwidth
of filters used in the receiver, the wireless mobile communi-
cation system estimates the Doppler frequency according to
the velocity of the terminal using one of a variety of methods.
For example, the related art provides methods for estimating
the Doppler frequency using Zero-Crossing-Rate (ZCR),
Level-Crossing-Rate  (LCR), Auto-Correlation-Function
(ACF), and COVariance (COV). Herein, the ZCR method and
the LCR method estimate the maximum Doppler frequency
using the zero crossing or the level crossing of a random
fading signal, the ACF method estimates the maximum Dop-
pler frequency using an auto-correlation function of the
receive signal, and the COV method estimates the maximum
Doppler frequency using the covariance of the received signal
power. However, while such methods for estimating the
maximum Doppler frequency offer an adequate estimation
performance when a Signal to Noise Ratio (SNR) is high, the
estimation performance is degraded in the low-SNR environ-
ment where the noise power is equal to the signal.

A Doppler estimation method using Power Spectral Den-
sity (PSD) is also provided. The PSD method directly calcu-
lates the power spectrum of the channel by applying a Fast
Fourier Transform (FFT) to the channel value of a continuous
pilot channel transmitted in the time domain. However, this
method requires the additional FFT in a Code Division Mul-
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2

tiple Access (CDMA) system, which increases hardware
complexity and based on the additional computation.

By contrast, as an Orthogonal Frequency Division Multi-
plexing (OFDM) system basically performs the FFT, there is
no need to add the FFT means to obtain the power spectrum.
Accordingly, the method using the power spectrum deter-
mined using the FFT is suitable for the OFDM system. Still,
since the pilot is inserted to some subcarriers of the frequency
domain in the OFDM system, it is not easy to directly use the
pilot in the time domain.

Therefore, a need exists for an apparatus and a method for
estimating a Doppler frequency in a mobile communication
system.

SUMMARY OF THE INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention to provide an apparatus and a
method for estimating a Doppler frequency in a mobile com-
munication system.

Another aspect of the present invention is to provide an
apparatus and a method for estimating a Doppler frequency in
a mobile communication system based on Orthogonal Fre-
quency Division Multiplexing (OFDM).

Another aspect of the present invention is to provide an
apparatus and a method for determining whether aliasing
occurs when estimating a Doppler frequency in a mobile
communication system.

In accordance with an aspect of the present invention, an
apparatus for estimating a Doppler frequency in a mobile
communication system is provided. The apparatus includes
an estimator for temporarily estimating a maximum Doppler
frequency based on channel values sampled according to a
first period in a frame, a detector for calculating at least one
correlation value between at least one channel value addition-
ally sampled in the frame and at least one channel value
sampled over the first period, and for determining whether
aliasing occurs based on the correlation value, and a deter-
miner for determining a final maximum Doppler frequency
according to the occurrence or non-occurrence of the aliasing.

In accordance with another aspect of the present invention,
a method for estimating a Doppler frequency in a mobile
communication system is provided. The method includes
temporarily estimating a maximum Doppler frequency based
on channel values sampled according to a first period in a
frame, calculating at least one correlation value between at
least one channel value additionally sampled in the frame and
at least one channel value sampled over the first period, deter-
mining whether aliasing occurs based on the correlation
value, and determining a final maximum Doppler frequency
according to the occurrence or non-occurrence of the aliasing.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled in the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
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FIG. 1 illustrates distribution of reference signals in a
mobile communication system according to an exemplary
embodiment of the present invention;

FIGS. 2A and 2B illustrate channel values used for Dop-
pler estimation in a mobile communication system according
to exemplary embodiments of the present invention;

FIG. 3 illustrates a Bessel function indicating a relationship
of'a normalized correlation value and a Doppler frequency in
a mobile communication system according to an exemplary
embodiment of the present invention;

FIG. 4 illustrates a block diagram of a receiver in a mobile
communication system according to an exemplary embodi-
ment of the present invention;

FIG. 5 illustrates a block diagram of a Doppler estimator
based on a Power Spectral Density (PSD) peak detection in a
mobile communication system according to an exemplary
embodiment of the present invention;

FIG. 6 illustrates a block diagram of an aliasing detector in
a mobile communication system according to an exemplary
embodiment of the present invention; and

FIG. 7 is a flowchart illustrating operations of a receiver in
a mobile communication system according to an exemplary
embodiment of the present invention.

Throughout the drawings, like reference numerals will be
understood to refer to like parts, components and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accompa-
nying drawings is provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as
defined by the claims and their equivalents. It includes vari-
ous specific details to assist in that understanding but these are
to be regarded as merely exemplary. Accordingly, those of
ordinary skill in the art will recognize that various changes
and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the
invention. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and
claims are not limited to the bibliographical meanings, but,
are merely used by the inventor to enable a clear and consis-
tent understanding of the invention. Accordingly, it should be
apparent to those skilled in the art that the following descrip-
tion of exemplary embodiments of the present invention is
provided for illustration purpose only and not for the purpose
of limiting the invention as defined by the appended claims
and their equivalents.

It is to be understood that the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a compo-
nent surface” includes reference to one or more of such sur-
faces.

By the term “substantially” it is meant that the recited
characteristic, parameter, or value need not be achieved
exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accu-
racy limitations and other factors known to those of skill in the
art, may occur in amounts that do not preclude the effect the
characteristic was intended to provide.

Exemplary embodiments of the present invention relate to
an apparatus and a method for estimating a Doppler fre-
quency in a wireless mobile communication system based on
Orthogonal Frequency Division Multiplexing (OFDM).

Exemplary embodiments of the present invention provide a
technique for estimating a Doppler frequency in a mobile
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communication system. Hereinafter, an OFDM/Orthogonal
Frequency Division Multiple Access (OFDMA) wireless
communication system is explained by way of example. To
ease the understanding, terms defined in, but not limited to,
Long Term Evolution (LTE) standard are used. Exemplary
embodiments of the present invention are equally applicable
to other systems.

FIGS. 1 through 7, discussed below, and the various exem-
plary embodiments used to describe the principles of the
present disclosure in this patent document are by way of
illustration only and should not be construed in any way that
would limit the scope of the disclosure. Those skilled in the
art will understand that the principles of the present disclo-
sure may be implemented in any suitably arranged commu-
nications system. The terms used to describe various embodi-
ments are exemplary. It should be understood that these are
provided to merely aid the understanding of the description,
and that their use and definitions in no way limit the scope of
the invention. Terms first, second, and the like are used to
differentiate between objects having the same terminology
and are in no way intended to represent a chronological order,
unless where explicitly stated otherwise. A set is defined as a
non-empty set including at least one element.

FIG. 1 illustrates distribution of reference signals in a
mobile communication system according to an exemplary
embodiment of the present invention. For example, FIG. 1
illustrates a pilot allocation of an antenna port 0 when a
normal Cyclic Prefix (CP) is used in a Frequency Division
Duplex (FDD) LTE system having system bandwidth of 10
MHz.

Referring to FIG. 1, one subframe includes 14 OFDM
symbols. A reference signal symbol including the pilot is at
symbol indexes 0, 4, 7 and 11. Herein, the length of the
subframe can be 1 ms. Each reference signal symbol includes
one pilot per 6 subcarriers. In the bandwidth of 10 MHz, 100
pilots are allocated to one reference signal symbol by repeat-
edly, for 50 times, allocating two pilots to the same location
per 12 subcarriers in the frequency axis.

When the subframe length is 1 ms and an Inverse Fast
Fourier Transform (IFFT) of 1024 size is applied by inputting
the frequency domain channel value in the reference signal
symbol of the symbol indexes 0 and 7 for Power Spectral
Density (PSD) peak detection, the time-domain channel val-
ues are sampled at the rate of 2 kHz. In this case, the estima-
tive maximum Doppler frequency value is 1 kHz. However,
when the time-domain channel values are calculated after
extracting and IFFT-operating two frequency-domain chan-
nel values per subframe and detecting a valid multipath, the
computation increases. Thus, an exemplary embodiment of
the present invention samples the channel values at the rate of
1 kHz by sampling the channel values only in the symbol
index 0, that is, by sampling only one channel value per
subframe.

FIGS. 2A and 2B illustrate channel values used for Dop-
pler estimation in a mobile communication system according
to exemplary embodiments of the present invention.

Referring to FIG. 2A, one channel estimation value is
extracted per subframe so as to estimate the Doppler fre-
quency according to the PSD peak detection. In the OFDM
system, the channel estimation is conducted in the frequency
axis. Accordingly, an exemplary embodiment of the present
invention obtains an impulse response of the channel by con-
verting the channel estimation value of the frequency axis to
the time-axis channel estimation value using the IFFT. In
FIG. 2A, as the sampling period of the channel estimation
value is 1 ms, the estimative maximum Doppler frequency
value is 500 MHz. Yet, the LTE system needs to expand the
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Doppler frequency range used for estimation and estimate the
Doppler frequency up to 900 MHz. Thus, an exemplary
embodiment of the present invention expands the Doppler
frequency estimation range up to 1 kHz through aliasing
detection.

An exemplary embodiment of the present invention adopts
an Auto-Correlation-Function (ACF) for the aliasing detec-
tion. The ACF calculates a normalized time correlation value
of the frequency-domain channel, and estimates the maxi-
mum Doppler frequency by applying the correlation value to
an inverse Bessel function. In so doing, the channel estima-
tion values used to calculate the correlation value for the
aliasing detection are shown in FIG. 2B.

Referring to FIG. 2B, the channel estimation values used to
calculate the correlation value are sampled at the half time
intervals of the channel estimation values used to detect the
PSD peak. However, to minimize the computational increase,
the channel estimation values used to calculate the correlation
value are sampled only in some subframes. FIG. 2B depicts
two channel estimation values in two subframes #0 and #5. As
the number of the subframes from which the channel estima-
tion values are extracted increases, the accuracy of the alias-
ing determination increases but the computation also
increases. According to an exemplary implementation, the
channel estimation values can be extracted from one or three
or more subframes by considering the accuracy and the com-
putation.

In aradio channel, the relationship between the normalized
time correlation value of the frequency domain channel and
the Bessel function is given by Equation (2).

jgeil 2
Re| 5 >, (Hylk)- Hy(k +m))

ROnT,) = k=

N = Jo(2nfymTy)
2 2
ng [Hp (ol

N

In Equation (2), R(mT,) denotes the normalized time cor-
relation value, N denotes the number of pilot pairs used for the
correlation, H,, (k) denotes the channel estimation value of the
symbol index k, m denotes the symbol interval of the pilot
pair used for the correlation, J, denotes the zero-order Bessel
function of the first kind, f, denotes the maximum Doppler
frequency, and T, denotes the duration of one symbol. An
exemplary process using the Bessel function of Equation (2)
is now explained.

FIG. 3 illustrates a Bessel function indicating a relationship
of'a normalized correlation value and a Doppler frequency in
a mobile communication system according to an exemplary
embodiment of the present invention. FIG. 3 depicts the
Bessel function when mT, is 0.5 ms.

Referring to FIG. 3, the horizontal axis indicates the Dop-
pler frequency, which is f; in Equation (2), and the vertical
axis indicates the normalized time correlation value, which is
R(mT,) in Equation (2). In the Bessel function of FIG. 3, the
region of the Doppler frequency from 0 to 1200 Hz is used to
detect the aliasing.

An exemplary embodiment of the present invention calcu-
lates the correlation value between the two channel estima-
tion values extracted from the same subframe, and obtains the
Doppler frequency value corresponding to the correlation
value using the graph of FIG. 3. As a result, when the Doppler
frequency falls below 500 Hz, the aliasing does not occur.
When the Doppler frequency exceeds 500 Hz, the aliasing is
generated. When the Doppler frequency ranges from 200 Hz
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6

to 900 Hz, the Bessel function has a high slope value and
linearity as shown in FIG. 3. Due to the high slope value and
the linearity, the reliability of the aliasing detection is guar-
anteed even in the low-SNR environment.

According to the aliasing detection result, a final maximum
Doppler frequency is determined based on Equation (3).

f7=R—f;" aliasing

3

In Equation (3), f; denotes the maximum Doppler fre-
quency estimated according to the PSD peak detection, R
denotes the channel estimation value sampling frequency for
the PSD peak detection, and f; denotes the determined final
maximum Doppler frequency.

That is, in Equation (3), when the aliasing does not occur,
the maximum Doppler frequency estimated according to the
PSD peak detection is applied. By contrast, when the aliasing
occurs, the maximum Doppler frequency estimated accord-
ing to the PSD peak detection is corrected according to the
channel estimation value sampling frequency and determined
as the final maximum Doppler frequency.

FIG. 4 illustrates a block diagram of a receiver in a mobile
communication system according to an exemplary embodi-
ment of the present invention.

Referring to FIG. 4, the receiver includes an FFT operator
410, a channel estimator 420, a channel value sampler 430, a
PSD Doppler estimator 440, an aliasing detector 450, and a
Doppler determiner 460.

The FFT operator 410 converts time-domain OFDM sym-
bols to frequency-domain signals by applying the FFT to the
baseband receive signal. That is, the FFT operator 410
restores the signals per subcarrier. The receiver can further
include a Radio Frequency (RF) processor, which is not
depicted in FIG. 4, for amplifying and down-converting an
RF signal received over an antenna and for outputting the
baseband receive signal to the FFT operator 410.

The channel estimator 420 receives the subcarrier-based
signals of the OFDM symbols from the FFT operator 410 and
estimates the channel value of the frequency axis using the
pilot of the subcarrier-based signals. In more detail, the chan-
nel estimator 420 calculates the channel values at the location
of the pilot according to Least Square (LS) or Linear Mini-
mum Mean Square Error (LMMSE), and calculates the chan-
nel values of the data subcarrier according to interpolation
based on the channel values at the pilot location. The channel
value of the frequency axis is generated per OFDM symbol.

The channel value sampler 430 samples some of the fre-
quency-axis channel values of the OFDM symbols output
from the channel estimator 420 and provides the sampled
channel values to the PSD Doppler estimator 440 and the
aliasing detector 450. The sampling frequency of the channel
value provided to the aliasing detector 450 is faster than the
sampling frequency of the channel value provided to the PSD
Doppler estimator 440. For example, the sampling frequency
of'the channel value provided to the aliasing detector 450 can
be double the sampling frequency of the channel value pro-
vided to the PSD Doppler estimator 440. Yet, the number of
the channel values provided to the aliasing detector 450 is
smaller than the number of the channel values provided to the
PSD Doppler estimator 440. For example, over one frame, the
channel value sampler 430 samples one channel value per
subframe and provides the sampled channel value to the PSD
Doppler estimator 440, and samples two channel values in the
subframes #0 and #5 and provides the sampled channel values
to the aliasing detector 450. At this time, when the subframe
length is 1 ms, the PSD Doppler estimator 440 receives one

[f7=f;* no aliasing
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channel value per 1 ms and the aliasing detector 450 receives
one channel value per 0.5 ms only in the subframes #0 and #5.

The PSD Doppler estimator 440 estimates the Doppler
frequency based on the PSD peak detection using the fre-
quency-axis channel values provided from the channel value
sampler 430. An exemplary structure of the PSD Doppler
estimator 440 is shown in FIG. 5.

FIG. 5 illustrates a block diagram of a PSD Doppler esti-
mator based on a PSD peak detection in a mobile communi-
cation system according to an exemplary embodiment of the
present invention.

Referring to FIG. 5, the PSD Doppler estimator 440
includes an IFFT operator 502, a valid path searcher 504, a
sampler and adder 506, an FFT operator 508, a power spec-
trum generator 510, and a maximum value detector 512. The
IFFT operator 502 converts the frequency-axis channel value
to the time-axis channel value, that is, to the impulse response
of the channel using the IFFT. The valid path searcher 504
determines the values corresponding to the valid path of the
impulse response using the impulse responses of the channel.
For example, the valid path searcher 504 calculates the power
values by complex-squaring each value of the impulse
response, calculates average power values per delay time with
respect to the multiple impulse responses, sets a threshold by
scaling the maximum value from the average power values,
and determines the location of the average power value which
is greater than the threshold and becomes the local maxima,
as the valid path. The valid path searcher 504 provides at least
one index indicating the location of the valid path to the
sampler and adder 506.

The sampler and adder 506 samples only at least one valid
channel value among the channel values of the impulse
response according to the at least one index of the valid path
detected by the valid path searcher 504, and adds the sampling
value of the delay time of at least one multipath. That is, the
sampler and adder 506 generates one channel value per
OFDM symbol by adding up one or more valid channel values
of the impulse responses of the OFDM symbols. The FFT
operator 508 collects N-ary channel values output from the
sampler and adder 506 and applies the FFT to the N-ary
channel values. Next, the power spectrum generator 510 cal-
culates the power spectrum of the channel by complex-squar-
ing each value of the FFT result. Thereafter, the maximum
value detector 512 detects the peak value of the power spec-
trum and determines the maximum Doppler frequency
according to the location of the peak value. For example, the
maximum value detector 512 can determine the maximum
Doppler frequency by multiplying the index of the frequency
axis corresponding to the peak value by the sampling fre-
quency and dividing the product by the FFT size.

The aliasing detector 450 determines whether the aliasing
occurs, using the frequency-axis channel values provided
from the channel value sampler 430. An exemplary structure
of the aliasing detector 450 is shown in FIG. 6.

FIG. 6 illustrates a block diagram of an aliasing detector in
a mobile communication system according to an exemplary
embodiment of the present invention.

Referring to FIG. 6, the aliasing detector 450 includes a
channel value buffer 602, a correlation operator 604, and a
comparator 606. The channel value buffer 602 temporarily
stores the frequency-axis channel values fed from the channel
value sampler 430. The correlation operator 604 calculates
the correlation value of two consecutive frequency-axis chan-
nel values of the channel values temporarily stored to the
channel value bufter 602. That is, the correlation operator 604
calculates the correlation value of the channel values of the
pilots of the same subcarrier. More particularly, the correla-
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tion operator 604 calculates the correlation value of two chan-
nel values having the time interval shorter than the time
interval of the channel values provided to the PSD Doppler
estimator 440. For example, the correlation operator 604 cal-
culates the correlation value of two channel values extracted
in the same subframe. For example, the correlation operator
604 processes the operation of Equation (2).

The comparator 606 seeks the Doppler frequency value
corresponding to the correlation value calculated by the cor-
relation operator 604 using the relationship of a predefined
correlation value and the Doppler frequency. Herein, the rela-
tionship of the predefined correlation value and the Doppler
frequency can be the Bessel function of FIG. 3. For doing so,
the comparator 606 can store the Bessel function of FIG. 3, or
receive the Bessel function from another component block.
The comparator 606 compares the obtained Doppler fre-
quency value and a reference value, and determines the alias-
ing when the Doppler frequency value is greater. Herein, the
reference value can use the maximum Doppler frequency
value which can be estimated by the PSD Doppler estimator
440. For example, when one channel value is sampled per
subframe of the length 1 ms in order to estimate the Doppler
frequency based on the PSD peak detection, the reference
value can be 500 MHz. When a plurality of correlation values
is calculated over one Doppler frequency estimation region,
the comparator 606 utilizes the average of the correlation
values. Herein, the Doppler frequency estimation region indi-
cates the time duration where the PSD Doppler estimator 440
estimates the Doppler frequency once.

The Doppler determiner 460 determines the final maxi-
mum Doppler frequency according to the maximum Doppler
frequency estimated by the PSD Doppler estimator 440 based
onthe PSD peak detection and the aliasing determined by the
aliasing detector 450. When the aliasing does not occur, the
Doppler determiner 460 determines the maximum Doppler
frequency estimated based on the PSD peak detection, as the
final maximum Doppler frequency. By contrast, when the
aliasing occurs, the Doppler determiner 460 determines the
subtraction value of the maximum Doppler frequency esti-
mated based on the PSD peak detection from the sampling
frequency of the channel value used to detect the PSD peak, as
the final maximum Doppler frequency. That is, the maximum
Doppler frequency temporarily estimated by the PSD Dop-
pler estimator 440 is settled or modified according the alias-
ing occurrence determined by the aliasing detector 450. In
other words, the Doppler determiner 460 determines the final
maximum Doppler frequency based on Equation (3).

FIG. 7 is a flowchart illustrating operations of a receiver in
a mobile communication system according to an exemplary
embodiment of the present invention.

Referring to FIG. 7, the receiver estimates the channel
values using the reference signals in step 701. That is, the
receiver determines the frequency-axis channel values per
OFDM symbol using the pilots of the reference signal. More
specifically, the receiver calculates the channel values at the
pilot location, and calculates the channel values of the data
subcarriers based on the channel values at the pilot location
according to the interpolation.

In step 703, the receiver estimates the Doppler frequency
based on the PSD peak detection using the channel values
sampled over the first period in the whole frame. For example,
the first period can be the subframe. That is, the receiver can
sample one channel value per subframe. In more detail, the
receiver converts the frequency-axis channel value sampled
over the first period to the impulse response using the IFFT,
selects the channel values of the valid path, determines one
channel value per OFDM symbol by adding up the valid
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channel values corresponding to the valid path, and calculates
the power spectrum of the channel values of the OFDM
symbols using the FFT. The receiver detects the peak value of
the power spectrum and determines the maximum Doppler
frequency according to the location of the peak value.

In step 705, the receiver additionally samples at least one
channel value in some subframes. Thus, the receiver obtains
atleast one channel value pair having the shorter time interval
than the channel values used to estimate the Doppler fre-
quency based on the PSD peak detection. For example, when
sampling the channel values of the first symbol in each sub-
frame to estimate the Doppler frequency based on the PSD
peak detection, the receiver can additionally sample the chan-
nel value of the (K/2+1)-th symbol in some of the subframes
including K-ary symbols. In this case, the sampling fre-
quency of the channel value pair acquired through the addi-
tional sampling is double the sampling frequency of the chan-
nel values for the Doppler frequency estimation based on the
PSD peak detection.

In step 707, the receiver performs the correlation with the
additionally sampled at least one channel value. That is, the
receiver calculates the correlation value of the channel value
pair having the shorter time interval than the channel values
used to estimate the Doppler frequency based on the PSD
peak detection. Namely, the receiver calculates the correla-
tion value of the channel values of the pilots of the same
subcarrier in the channel value pair. For example, the receiver
calculates the correlation value between the two channel val-
ues extracted from the same subframe. For example, the
receiver performs the operation of Equation (2).

In step 709, the receiver calculates the Doppler frequency
value corresponding to the correlation value using the rela-
tionship of the predefined correlation value and the Doppler
frequency. Herein, the relationship of the predefined correla-
tion value and the Doppler frequency can be the Bessel func-
tion of FIG. 3. That is, the receiver stores the Bessel function
of FIG. 3. The Bessel function can be stored as at least one of
an equation, an approximation, a look-up table, and the like.

In step 711, the receiver determines whether the calculated
Doppler frequency value exceeds the reference value. That is,
the receiver compares the calculated Doppler frequency value
and the reference value. Herein, the reference value can be the
maximum Doppler frequency value which can be estimated
by the PSD Doppler estimator 440. For example, when one
channel value is sampled per subframe of the length 1 ms in
order to estimate the Doppler frequency according to the PSD
peak detection, the reference value can be 500 MHz. When
the plurality of the correlation values is calculated over one
Doppler frequency estimation region, the receiver utilizes the
average of the correlation values. Herein, the Doppler fre-
quency estimation region indicates the time duration where
the Doppler frequency estimation is performed one time
based on the PSD peak detection.

When the calculated Doppler frequency value does not
exceed the reference value, the receiver determines that the
aliasing does not occur and determines the maximum Dop-
pler frequency estimated based on the PSD peak detection in
step 703 as the final maximum Doppler frequency in step 713.
By contrast, when the calculated Doppler frequency value
exceeds the reference value, the receiver determines that the
aliasing occurs and newly determines the final maximum
Doppler frequency from the maximum Doppler frequency
value estimated in step 703, in step 715. For example, the
receiver determines the subtraction value of the maximum
Doppler frequency estimated in step 703 from the sampling
frequency of the channel value used to detect the PSD peak, as
the final maximum Doppler frequency. That is, the maximum
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Doppler frequency temporarily estimated based on the PSD
peak detection is settled or modified according to the aliasing
occurrence. In other words, the receiver determines the final
maximum Doppler frequency based on Equation (3).
It will be appreciated that embodiments of the present
invention according to the claims and description in the speci-
fication can be realized in the form of hardware, software or a
combination of hardware and software.
Any such software may be stored in a computer readable
storage medium. The computer readable storage medium
stores one or more programs (i.e., software modules), the one
or more programs comprising instructions, which, when
executed by one or more processors in an electronic device,
cause the electronic device to perform a method of the present
invention.
Any such software may be stored in the form of a volatile
or a non-volatile storage, such as a storage device like a Read
Only Memory (ROM), which may be erasable or rewritable,
orin the form ofa memory such as a Random Access Memory
(RAM), memory chips, adevice or integrated circuits or on an
optically or magnetically readable medium, such as a Com-
pact Disc (CD), a Digital Video Disc (DVD), a magnetic disk
or a magnetic tape, or the like. It will be appreciated that the
storage devices and storage media are exemplary embodi-
ments of machine-readable storage that are suitable for stor-
ing a program or programs comprising instructions that, when
executed, implement embodiments of the present invention.
Accordingly, exemplary embodiments of the present
invention provide a program comprising a code for imple-
menting an apparatus or a method as claimed in any one of the
claims of this specification and a machine-readable storage
for storing such a program.
As set forth above, when the Doppler frequency is esti-
mated based on the PSD peak detection in the OFDM-based
mobile communication system, the aliasing is effectively
detected using the Bessel function and the estimation range of
the maximum Doppler frequency can be doubled. Therefore,
accurate channel information can be provided to a channel
adaptation algorithm or an Adaptive Modulation and Coding
(AMC) operation.
While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and their equivalents.
What is claimed is:
1. An apparatus for estimating a Doppler frequency in a
mobile communication system, the apparatus comprising:
a receiver configured to receive at least one signal for
estimating channel values sampled at a first position of
each of subframes,
wherein the receiver is further configured to:
determine a correlation value between a first channel
value sampled at the first position in a subframe
among the subframes and a second channel value
additionally sampled at a second position in the sub-
frame,

determine whether aliasing occurs based on the correla-
tion value, and, determine a maximum Doppler fre-
quency based on whether the aliasing occurs,

wherein the first position comprises a symbol at a start of a
subframe, and

wherein the second position comprises a symbol at a
middle of the subframe.

2. The apparatus of claim 1, wherein the receiver is further

configured to:



US 9,294,312 B2

11

calculate a Doppler frequency value corresponding to the
correlation value based on a relationship of correlation
values and Doppler frequencies,

determine whether the Doppler frequency value exceeds a
reference value, determines that the aliasing occurs if the
calculated Doppler frequency value exceeds the refer-
ence value, and

determine that the aliasing does not occur if the Doppler
frequency value does not exceed the reference value.

3. The apparatus of claim 2, wherein the relationship is in 10

the form of a Bessel function.
4. The apparatus of claim 3, wherein the Bessel function is
stored as at least one of an equation, an approximation, and a
look-up table.
5. The apparatus of claim 2, wherein the reference value is
amaximum value of Doppler frequencies estimative based on
the channel values sampled at the first position of the each of
the subframes.
6. The apparatus of claim 1, wherein the receiver estimates
a temporal Doppler frequency based on the channel values
sampled at the first position of each of the subframes.
7. The apparatus of claim 6, wherein the receiver is further
configured to:
determine the temporal Doppler frequency as the maxi-
mum Doppler frequency if the aliasing does not occur,
and determine a difference value between the temporal
Doppler frequency value and a sampling frequency cor-
responding the first position as the maximum Doppler
frequency if the aliasing occurs.
8. The apparatus of claim 1, wherein the receiver is further
configured to:
calculate an impulse response of at least one channel by
applying an Inverse Fast Fourier Transform (IFFT) to at
least one frequency-domain channel value, and

calculate a power spectrum of the channel based on the at
least one impulse response, and a temporal Doppler
frequency according to a peak value location in the
power spectrum.

9. The apparatus of claim 1, wherein the receiver is further
configured to:

determine whether aliasing occurs comprises an Auto-Cor-

relation-Function (ACF) for calculating a normalized
time correlation value of a frequency-domain channel,
and

estimate the maximum Doppler frequency by applying the

correlation value to an inverse Bessel function.

10. A method for estimating a Doppler frequency in a
mobile communication system, the method comprising:

receiving at least one signal for estimating channel values

sampled at a first position of each of subframes; and
determining a correlation value between a first channel
value sampled at the first position in a subframe among
the subframes and a second channel value additionally
sampled at a second position in the subframe;
determining whether aliasing occurs based on the correla-
tion value; and
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determining a maximum Doppler frequency based on

whether the aliasing occurs,

wherein the first position comprises a symbol at a start of a

subframe, and

wherein the second position comprises a symbol at a

middle of the subframe.

11. The method of claim 10, wherein the determining of
whether the aliasing occurs comprises:

calculating a Doppler frequency value corresponding to the

correlation value based on a relationship of a correlation
values and the Doppler frequencies;

determining whether the Doppler frequency value exceeds

a reference value;

when the Doppler frequency value exceeds the reference

value, determining that the aliasing occurs; and

when the Doppler frequency value does not exceed the

reference value, determining that the aliasing does not
occur.

12. The method of claim 11, wherein the relationship is in
the form of a Bessel function.

13. The method of claim 12, wherein the Bessel function is
stored as at least one of an equation, an approximation, and a
look-up table.

14. The method of claim 11, wherein the reference value is
amaximum value of Doppler frequencies estimative based on
the channel values sampled at the first position of the each of
the subframes.

15. The method of claim 10, further comprising: estimating
a temporal Doppler frequency based on the channel values
sampled at the first position of each of the subframes.

16. The method of claim 15, wherein the determining of the
maximum Doppler frequency comprises:

if the aliasing does not occur, determining the temporal

Doppler frequency as the maximum Doppler frequency;
and

if the aliasing occurs, determining a difference value

between the temporal Doppler frequency value and a
sampling frequency corresponding to the first position
as the maximum Doppler frequency.

17. The method of claim 15, wherein the estimating of the
temporal Doppler frequency comprises:

calculating an impulse response of at least one channel by

applying an Inverse Fast Fourier Transform (IFFT) to at
least one frequency-domain channel value;

calculating a power spectrum of the channel based on the at

least one impulse response; and

estimating the temporal Doppler frequency according to a

peak value location in the power spectrum.

18. The method of claim 10, wherein the determining of
whether aliasing occurs comprises an Auto-Correlation-
Function (ACF) for calculating a normalized time correlation
value of a frequency-domain channel, and for estimating the
maximum Doppler frequency by applying the correlation
value to an inverse Bessel function.
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